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(57) Abstract 

The Invention addresses the problem of insulating a glass-ceramic so that no dangerous voltages occur due to heat-provoked inci easing 
conductivity of the glass-ceramic when it is connected to a mains supply. By Intercalating a suitable stress-absorbing layer it is possible 
to deposit a stable insulating layer. 
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An insulated thin film heater, 

5 

The invention relates to a domestic cooktop heater of the type comprising an 
electrically insulating substrate connected to a thin film electrical heater. 

A domestic cooktop heater of the above type may be made of a (typically) glass- 
10 ceramic substrate joined to a thin film electric heater. This film heater may be either 
deposited onto the substrate, printed onto it or just brought into intimate contact 
with it. When it is energised, the heater transfers heat to the substrate by 
conduction (it is not desired that the contact be so loose that radiation is involved), 
and in turn the substrate transfers heat to the cooking utensil. 

15 

Existing glass-ceramic is known to be electrically conductive at the operating 
temperature, and since the user may touch a metallic cooking utensil or even the 
surface, it is necessary to provide an electrical insulation between the electrically 
heated film and the cooktop surface. At the operating temperature lEC regulations 
20 set a minimum break-down vohage requirement at 3750V AC (or 1250V AC if a 
grounded connection is interposed between the film and the cooking utensil). A 
film heater in this construction must hence comprise a specific electrically 
insulating layer. 

25 Various solutions have been proposed in the past, however, no solution is presently 
available commercially for bonding any known high temperature electrical insulator 
to a glass-ceramic substrate with the capability to withstand thermal cycling from 
20°C to 400°C providing a commercial life-time for the cooktop. The thermal 
coefficient of expansion of a glass-ceramic is near zero, and this puts a heavy 

30 requirement for any material it is desired to adhere to such a substrate. It should 
either present a similar low thermal coefficient of expansion or tolerate the 
resulting stresses. Under no circumstances must cycling provoke cracks in the 
glass-ceramic. 
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According to the invention, heater comprises a dielectric material having the 
requisite insulating properties at the operating temperature which is applied to the 
glass-ceramic, and the thin film heater is deposited onto the dielectric layer. The 
5 dielectric material is adhered to the glass-ceramic, effectively filling the 

unevennesses in the glass-ceramic surface and providing a smooth surface for the 
film heating element even though The top surface of the glass ceramic may present 
protrusions or dimples. In this arrangement, the heat conduction through the 
dielectric material is large. 

According to an advantageous embodiment of the invention, the lower surface of 
the glass-ceramic is provided with a large number of minute protrusions, thereby 
effectively increasing the contact area between the glass-ceramic and the dielectric 
layer. 

15 

In a fijrther advantageous embodiment of the invention, the dielectric layer and the 
glass-ceramic is intercalated with a heat-conductive substance which displays flow 
characteristics characteristics to effectively fill any voids. This means that this layer 
may take up any stresses occuring due to different thermal expansion. 

20 

According to a further embodiment of the invention, the substance of the 
intercalated layer is metallic. Such a metallic layer may be deposited directly onto 
the glass-ceramic, and the dielectric layer is then brought into intimate contact with 
the metallised surface of the glass-ceramic as above. 

25 

In a further advantageous embodiment the intercalated metallic layer has a 
perforated structure permitting the absorption of thermal stresses. 

In a further advantageous embodiment the intercalated metallic layer is connected 
30 to ground. This has the distinct advantage that according to lEC the demands on 
the insulating properties of the dielectric layer are considerably reduced, because 
the construction now fulfils the condition of grounding. The intercalated metallic 
layer may be deposited by any known means, and its terminal may be brought out 



wo 00/15005 3 PCT/DK99/00466 

on the far side of the heating element, permitting a ground connection at a safe 
distance from the heating element which carries the mains voltage. 



The invention will be described in detail in the following with reference to an 
5 example and drawings, in which 

Fig. 1 shows a section through the essential layers of the invention, i.e. the glass 
ceramic with its irregularities at the bottom, the dielectric layer, and the film heater 
layer. 

10 

Fig. 2 shows a section through an embodiment employing an intermediate, void- 
filling layer, 

Fig, 3 shows a section through an embodiment employing an intercalated metal 
15 layer which is grounded, and 

Fig. 4 shows a section through an embodiment in which the metal layer is in the 
form of a perforated metal foil. 

20 In all the figures, the glass ceramic layer in practice has a thickness which is several 
orders of magnitude larger than the thickness of the dielectric and film layers 
indicated. As shown in Fig. 1, in order to increase the contact area between the 
glass ceramic having a zero thermal expansion coefficient and the dielectric the 
glass ceramic is advantageously prepared so that it has a vast number of small 

25 protrusions at its lower side, irrespective of any profiling or other surface treatment 
of the top surface. Increasing the surface area combined with the angles created 
with respect to the average surface will contribute to increasing the adhesion 
between the surfaces. The dielectric layer is provided in any industrially economical 
manner, however there is no need to obtain a flatness which is greater than that 

30 required for the following deposition of the thin film heater. The dielectric layer 
only has an insulating function with respect to high voltage, and this must not be 
obtained at the expense of increased thermal resistance. However, in case the 
dielectric layer has sufficient heat transfer properties, it will not only conduct heat 
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from the heater to the glass ceramic but will also distribute heat "sideways" and 
thus contribute to an even temperature distribution. 

In Fig. 2 is shown an embodiment in which it is not the dielectric layer which has to 
5 comply with the surface irregularities but an intercalated void-filling layer. Such a 
layer may be optimised for this property and for heat conduction, and hence the 
dielectric layer may be optimised with respect to its electrical insulating properties. 
In this case, the surface presented to the deposition of thin film will be absolutely 
flat. 

10 

In Fig. 3 is shown an embodiment in which a metallic layer is performing a bridge 
between the glass ceramic and the dielectric layer. The metallic layer is required to 
be able to conduct to ground any leakage current passing through the dielectric 
layer in case it suffers a local breakdown. The conductivity of the metallic layer 
15 must be such that the potential on the upper side of the hot glass ceramic will be 
below ca. 40 V. This applies in the situation where this potential is obtained as a 
voltage division between the impedances constituted of a person and the metallic 
layer. 

20 In Fig. 4 is shown that the metallic layer is constituted of a metal foil which is 
perforated (shown as a broken solid curvaceous line). A metal foil will be able to 
carry a heavier leakage current to ground than a thinly deposited layer, and also 
perforation is simpler to carry out as a process separate from deposition. The same 
function may be obtained by means of a metal mesh, and the process of 

25 manufacture of this type of layer may be by means of sputtering, screen-printing, 
woven metal threads or punching from a metal foil. 

A further advantage associated with a metal mesh is that the capacitive coupling 
between the film heater and the ground plane will be much lower than with a 
30 continuous ground plane, because the electrode area will be significantly smaller 
when a mesh is used. 
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1. A domestic cooktop heater of the type comprising an electrically 
insulating substrate connected to a thin film electrical heater 

5 characterised in that it further comprises a dielectric material having the 
requisite insulating properties at the operating temperature which is applied to the 
glass-ceramic, and the thin film heater is deposited onto the dielectric layer. 

2. A cooktop according to claim 1, 

10 characterised in that the lower surface of the glass-ceramic is provided 
with a large number of minute protrusions, 

3. A cooktop according to claim 1 or 2, 
characterised in that the dielectric layer and the glass-ceramic is 

15 intercalated with a heat-conductive substance which displays flow characteristics to 
effectively fill any voids. 

4. A cooktop according to claim 3, 

characterised in that the substance of the intercalated layer is metallic. 

20 

5. A cooktop according to claim 4, 

characterised in that the intercalated metallic layer has a perforated 
structure permitting the absorption of thermal stresses 

25 6, A cooktop according to claim 4 or 5, 

characterised in that the intercalated metallic layer is connected to 
ground, 

1. A cooktop according to claim 5 and 6, 
30 characterised in that the intercalated metallic layer is in the form of a 
metal foil. 
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